Some bird species place in their nests fresh green plant materials, e.g. leaves, sprigs or branches of herbs, shrubs and trees, which are not a part of the basic nest structure. These additional materials are often characterised by a high content of volatile secondary metabolites and constitute a non-random, small fraction of plants available in the habitat. Several non-mutually exclusive hypotheses have been proposed to explain the function of green material in avian nests with three of them attracting the most attention. The courtship hypothesis proposes that green material is used by males in order to attract females to nesting sites. The nest protection hypothesis posits that birds place in the nest green material rich in volatile compounds to reduce the abundance of parasites and pathogens which, in turn, should mitigate their negative impact on the host. According to the drug hypothesis green material directly positively affects the health and development of nestlings, e.g. through stimulation of some components of the nestlings' immune system. Here, we present an overview of hypotheses explaining the phenomenon of green material in avian nests with a thorough description of three most frequently tested hypotheses and suggest the directions for future studies.
INTRODUCTION
In most bird species, one of the essential components of the breeding cycle is the construction of a nest. Avian nest functions primarily as a container for the eggs, the incubating parent(s) and nestlings (Hansell, 2000) . Additionally, it provides the protection for the eggs and nestlings from predation and adverse weather conditions (Hansell, 2000) . Most birds build the nest using plant components, such as twigs, branches, dry grass or moss (Hansell, 2000) . However, many species apart from this basic material add to the nest extra elements including: stones, e.g. the Black Wheatear (Oenanthe leucura; Moreno et al., 1994) , feathers, e.g. the Barn Swallow (Hirundo rustica; Peralta-Sanchez et al., 2011) , snake skin, e.g. the Great Reed Warbler (Acrocephalus arundinaceus; Trnka and Prokop, 2011) , or fragments of plants.
Fresh green plant material, e.g. leaves, sprigs and branches, which is added to the nest as an extra component during construction or thereafter, is termed as green material (hereafter, GM) or greenery. The important characteristics of most plant species used by birds as GM is the rich content of volatile compounds (Wimberger, 1984; Clark and Mason, 1985) . The phenomenon of GM has been mostly studied in passerines and raptors. Passerines use mainly aromatic herbs (Gwinner, 1997; Lambrechts and Santos, 2000) , whereas raptors use green branches and sprigs of shrubs and trees, mostly of coniferous origin (Wimberger, 1984; Dykstra et al., 2009) . GM may be placed among the substrate material of the nest as seen in the European Starling (Sturnus vulgaris) and the Spotless Starling (Sturnus unicolor) (Clark and Mason, 1985; Fauth et al., 1991; Gwinner et al., 2000) , in the nest cup or haphazardly on the nest rim as seen in the Blue Tit (Cyanistes caeruleus) and various raptors (Wimberger, 1984; Dykstra et al., 2009; Pires et al., 2012) . Depending on the species, only males (Starlings; Clark and Mason, 1985; Fauth et al., 1991; Gwinner et al., 2000) , only females (Blue Tits; Petit et al., 2002) or both parents (Broad-winged Hawk (Buteo platypterus); Lyons et al., 1986) deposit GM in the nest. Birds show considerable variation in the timing of provisioning nests with GM. While some species deposit it almost exclusively during pre-laying period, e.g. the European Starling and Spotless Starling (Clark and Mason, 1985; Fauth et al., 1991; Gwinner et al., 2000; Brouwer and Komdeur, 2004; Veiga et al., 2006) , others add it during almost all stages of the nesting cycle, e.g. the Blue Tit, the House Sparrow (Passer domesticus), Wood Stork (Myctetia americana), various raptors (Sengupta, 1981; Wimberger, 1984; Rodgers et al., 1988; Petit et al., 2002; Dykstra et al., 2009) .
Generally, the amount and the number of plant species in the nest increases with the advancement of the breeding season (Clark and Mason, 1985; Gwinner and Berger, 2005) . For example, European Starlings from southern Germany deposited on average 1.7 g of herbs (dry mass) in April but 17 g in May and increased the mean number of plant species between these two months from 8.6 to 12.3 (Gwinner and Berger, 2005) . This seasonal change in GM composition and mass may be potentially attributed to increased delivery of GM in response to seasonal increase in parasite abundance (Clark and Mason, 1988; Gwinner and Berger, 2005) and/ or increasing availability of vegetation. Moreover, in case of the European Starling the seasonal change in GM mass may be associated with its polygynous mating system, since nests of secondary females (which breed later than primary females) contain more plants because of a longer courtship period (Gwinner, 1997; Brouwer and Komdeur, 2004) . The amount and the number of plant species used as GM may also increase with the progress of the nesting cycle as seen in the Blue Tit (Lambrechts and Dos Santos, 2000) .
The amount and composition of GM may differ among different populations of the same species (driven probably by differences in local availability of plant species) as well as among individuals in the same population (Clark and Mason, 1985; Lyons et al., 1986; Rodgers et al., 1988; Gwinner 1997; Lambrechts and Dos Santos, 2000) . At the individual level the amount and composition of GM may be possibly affected by, for example, prior breeding experience, the length of the courtship period, exposure to plants as nestlings, and by mates (Clark and Mason, 1985; Gwinner, 1997; Gwinner and Berger, 2008) . For example, in the European Starling one-year old males are not only less discriminating while selecting plant species, but also tend to place relatively larger amounts of GM than older males (Clark and Mason, 1985) . Since the amount of deposited GM is correlated with the length of a courtship period (Gwinner, 1997) , the latter phenomenon may be explained by a longer period of courtship in young males. These may be less preferred by females than older males (Eens et al., 1991) and hence be forced to advertise their nesting sites for a longer time. The inter-individual differences in the composition of GM may be also driven by individual preferences as has been recently shown in the Blue Tit (Mennerat et al., 2009c) .
Plant species selected by birds as GM very often represent a small, non-random fraction of all species available in the breeding habitat and importantly, most of them are rich in secondary compounds (Sengupta, 1981; Clark and Mason, 1985; Gwinner, 1997; Petit et al., 2002) . Petit et al. (2002) showed that in one of the Blue Tit breeding sites in Corsica only 10 plant species (< 5% of a total of 200 species available), all containing volatile compounds, were recorded in the nests. This apparent non-random selection was also confirmed in another Blue Tit population in western Portugal, where the three most frequently used species were selected more often than expected from their availability in the habitat (Pires et al., 2012) . Non-random selection of GM has been also documented in the European Starling and in raptors. In one of the North American populations, European Starlings have been shown to preferentially select nine out of 66 plant species available in their breeding habitat. In a population from southern Germany 12 plant species, mostly producing volatile compounds, out of 25 species detected in Starling nests, were selected more often than expected from their occurrence in the surrounding habitat (Clark and Mason, 1985; Gwinner, 1997) . The Red-shouldered Hawk (Buteo lineatus) preferentially incorporates into the nest fragments of four coniferous and one deciduous tree species, all of which are rich in secondary volatile compounds (Dykstra et al., 2009) .
The strong non-random selection of aromatic plants, as well as the fact that some birds make an additional effort to collect them outside their own territory or colony (Rodgers et al., 1988; Lambrechts and Dos Santos, 2000; Mennerat et al., 2009c) , suggests that GM may positively affect the fitness in species that show this type of behaviour. Several, non-mutually exclusive hypotheses, both related and not related to GM properties associated with a rich content of volatile compounds, have been proposed to explain why birds add GM to their nests. Here, we present an overview of these hypotheses focusing on the three most frequently tested: the courtship hypothesis, the nest protection hypothesis, and the drug hypothesis. The latter two hypotheses have been tested simultaneously in most studies and we overview the results of these studies together.
HYPOTHESES EXPLAINING DEPOSITION OF GREEN MATERIAL

The courtship hypothesis
The courtship hypothesis proposes that GM is placed in the nest by males in order to attract females to nesting sites (Kessel, 1957; Feare 1984; Fauth et al., 1991; Gwinner, 1997; Brower and Komdeur, 2004; Veiga et al., 2006) . So far this hypothesis has been tested only in two species: the European and the Spotless Starling. Starling males often pick GM and drop it into the nest, when a female is around. Before placing it in the nest, they may show it to the female. Males may also hold GM in the beak, while simultaneously vocalising, when the female inspects the nest (Kessel, 1957; Fauth et al., 1991) . Apparently males attracting females to nesting sites by presenting them with some objects has been recorded in a number of species. However, contrary to species that use objects such as stones or brightly coloured flowers (Ali and Ripley, 1974; Moreno et al., 1994) , which may be visually inspected by females, Starlings nest in cavities and probably rely to some degree on odour cues produced by GM. Exploiting airborne stimuli to attract mates in cavity-nesting species may be potentially associated with very limited or even complete lack of usefulness of visual signals in the usually very dark environment of cavities (Wesołowski and Maziarz, 2012) . There is ample evidence that suggests that in Starlings provisioning nests with green plants may function as a component of a courtship behaviour, which conveys information about male quality to females (Eens et al., 1990 (Eens et al., , 1993 Fauth et al., 1991; Gwinner, 1997; Komdeur et al., 2002) . Deposition of GM in the nest is exclusively carried out by males and they show this behaviour mostly when the female is reproductively active (Kessel, 1957; Clark and Mason, 1985; Gwinner, 1997; Brouwer and Komdeur, 2004; Veiga et al., 2006) . Importantly, in most cases males demonstrate this behaviour in the presence of the female, although it has also been recorded when another male was present near the nest site, which may indicate its additional role as a signal of nest occupancy (Eens et al., 1993; Gwinner, 1997; Brouwer and Komdeur, 2004) . Brouwer and Komdeur (2004) showed that only unpaired male European Starlings carry GM and they do it more frequently when presented with a caged female rather than a caged male or an empty cage. Moreover, males respond by bringing GM when another Starling (either female or male) is introduced into its aviary (Eens et al., 1993) .
Males bring the maximum amount of GM within a few days before the onset of egg laying: 5-6 days before in the European Starling and 5-8 days in the Spotless Starling, which corresponds with the time of pair formation (Eens et al., 1994; Gwinner, 1997) . Afterwards the amount of placed GM steadily decreases and males almost entirely cease this behaviour after the first egg is laid (Fauth et al., 1991; Gwinner, 1997; Brouwer and Komdeur, 2004; Veiga et al., 2006) . In the Spotless Starling, there are hardly any traces of GM in the nest at the time of egg hatching (Veiga et al., 2006) , while the opposite would be expected if the nest protection or drug hypothesis applies (see below). The extremely low amount of GM is not only caused by the male Starlings not placing GM in the nest during incubation, but also because females remove GM from the nest once the pair bond is formed (Kessel, 1957; Feare, 1984; Veiga and Polo, 2012) . Such behaviour, counterintuitive to expectations of functional advantages of GM to nestlings and adult birds derived from the nest protection and drug hypotheses, is suggested to reduce the opportunities for female's mate to attract additional females as well as to reduce the attractiveness of the nest for other females, which may lay parasitic eggs (Sandell and Diemer, 1999; Veiga and Polo, 2012) .
It is suggested that plant-carrying behaviour may signal male quality, although it is unclear whether it may be used by female as a cue of direct or indirect (genetic) benefits (Gwinner, 1997; Brouwer and Komdeur, 2004) . The variation in plant carrying behaviour seems to be functionally associated with the hormonal condition of the male, which further supports the notion that this is a sexually selected trait. Male European Starlings with experimentally increased testosterone levels bring more GM to the nest (De Ridder et al., 2000) . In the Spotless Starling, the amount of GM is associated with mating status: polygynous males deposit more GM per nest than monogamous males (Veiga et al., 2006) . The number of mates has been shown to be associated with the testosterone level in males (Veiga et al., 2001) . Since, in this species, highly polygynous males contribute only marginally to provisioning of nestlings (Veiga et al., 2002) , other direct and/or indirect benefits are most possible. Given that testosterone level is a strong predictor of aggressive behaviours (Ketterson and Nolan, 1992; De Ridder et al., 2000) , high loads of GM may signal male's superiority in terms of the nest defense behaviour.
Although in Starlings the link between plant-bringing behaviour by males and fitness benefits for females is still unclear, females seem to be sensitive to variation in this trait. Brouwer and Komdeur (2004) showed that the presence of GM in the European Starling nests affects pairing success -nests experimentally devoid of GM during the nest-building stage had a lower probability of containing a clutch than nests with natural and experimentally increased amounts of GM. In the Spotless Starling, an experimental increase of the amount of GM in the nest, without any change in male's physical characteristics, resulted in females laying larger clutches and in the shift of sex ratio toward more sons (Polo et al., 2004; López-Rull and Gill, 2009 ). The production of sons by females mated to males bringing large amount of GM may be adaptive, if sons inherit the predisposition of their fathers to place large amount of GM in the nest. The possibility of a non-adaptive mechanism behind this shift through changes in the hormonal profile of the female is, however, not excluded (Polo et al., 2004) because large amount of GM in the nest increases the number of aggressive intra-sexual interactions among females and their testosterone level during egg laying (Polo et al., 2010) . Females may find males placing high loads of GM in the nest the most attractive and compete for access to them, which may further support the notion that the amount of GM signals male quality (alternatively or simultaneously the amount of GM may signal the nest quality). However, in the European Starling, some data seems to contradict this suggestion. Brouwer and Komdeur (2004) demonstrated that the total and average daily amounts of GM were not related with paternal care (incubation attendance, food provisioning to nestlings) and male's body size characteristics. Given a positive relationship between testosterone level, GM and courtship activity and a negative relationship between testosterone level and paternal behaviour (De Ridder et al., 2000; Pinxten et al., 2007) , the former finding may not be, though, surprising.
The nest protection and drug hypotheses
Avian nests are usually a habitat for many parasitic organisms, such as mites (Parasitiformes and Acariformes), blow flies (Calliphoridae), fleas (Ceratophyllidae), bacteria, viruses and fungi (Loye and Zuk, 1991) . By definition, parasites exert negative effects on fitness of their hosts, which, depending on the mode of parasitism, may vary from rather benign to very severe. There is ample evidence that shows parasites infesting avian nests may indeed have debilitating effects on their hosts, e.g. reducing growth and survival of nestlings and condition and survival of adults (Møller et al., 1990; Lehmann, 1993) . In order to counteract and/or mitigate the effects of nest infestation, birds evolved the array of behavioural mechanisms, e.g. selection of parasite-free nesting sites, preening, nest sanitation, and physiological mechanisms (e.g. immune response) ( Loye and Zuk, 1991; Hart, 1997; Clayton et al., 2010) . Placing aromatic plants in the nest may be treated as one of these mechanisms (Wimberger, 1984; reviewed in Clark, 1991; Clayton and Wolfe, 1993; Dumbacher and Pruett-Jones, 1996; Hart, 1997) . Secondary metabolites from plants, including volatile chemicals, are known for their anti-microbial properties as well as for various effects on herbivorous insects, which may potentially apply to avian parasites (Jacobson, 1982) . The mechanisms by which GM may affect parasitic fauna may include among others: repelling parasites, deterring parasite feeding, inhibiting oviposition, reducing hatching success or disrupting metamorphosis and moulting (e.g. Clark and Mason, 1985 , Lafuma et al., 2001 . Based on these plant properties the nest protection hypothesis proposes that birds place in the nest GM rich in secondary compounds to reduce the load of parasites and pathogens, which in turn should mitigate their negative impact on the host (Sengupta, 1981; Wimberger, 1984; Clark and Mason, 1985) .
To date, the nest protection hypothesis has attracted the most attention out of all hypotheses explaining the GM phenomenon in birds. In the light of this hypothesis GM carrying behaviour may be considered an adaptive trait if: (1) parasites and pathogens affect, directly or indirectly, fitness of the host, (2) GM mitigates the negative effect of parasites and pathogens on the host, and (3) birds preferably select plant material that has anti-parasitic/antipathogenic properties (Hart, 1997) . The observation in one of the studies that aromatic plants may evoke positive effects in nestlings, while simultaneously not affecting parasite/pathogen loads, brought about the formulation of the drug hypothesis (Gwinner et al., 2000) . According to this hypothesis GM directly positively affects the health of nestlings and their development. Such effects may arise, for example, through the stimulation of some components of nestlings' immune system which, in turn, should enable the nestlings to cope better and/or faster with different stress agents including parasites and pathogens.
Birds that re-use nests and/or nest in cavities are exposed to higher ectoparasite/pathogen levels because old nest material and any debris remaining in the hollows are the potential habitat for dormant parasites and pathogens (Wasylik, 1971; Rendell and Verbeek, 1996; González-Braojos et al., 2012) . Therefore, GM rich in volatile compounds should most frequently occur in nests of these birds. In line with this prediction the occurrence of fresh green plant material has been found to be correlated with nest re-use among 49 species of Falconiformes from Europe and North America (Wimberger, 1984) and the nest type (enclosed versus open) among 137 passerines breeding in eastern North America. In the latter case, species breeding in enclosed nests were almost three times more likely to place GM than those which breed in open nests and are known to re-use the nest sites only infrequently (Clark and Mason, 1985) . Moreover, recently Quiroga et al. (2012) showed that in a group of 35 passerine species from central Argentina the presence of GM in the nest is negatively associated with the parasitism with flies from the genus Philornis (botflies). Specifically, species incorporating fresh GM into the nest are less likely to be parasitised than those which do not show such behaviour (17.4% versus 58.3%).
Similar to the courtship hypothesis, studies testing the nest protection and drug hypotheses are limited to a very few species, predominantly the European Starling and the Blue Tit. Interestingly, these hypotheses have also been tested in a Tree Swallow (Tachycineta bicolor), a species that under natural conditions does not place GM in the nest. We review the results of the studies separately for each species. The detailed information on all experimental studies testing the nest protection and the drug hypotheses, including the list of preferred plant species, the description of the experimental setup and the effects on parasite/pathogen communities as well as on nestlings and adult birds, is presented in Table 1 .
European Starling
Studies on the European Starling have produced mixed results. Although this species is known to non-randomly select GM (Clark and Mason, 1985; Gwinner, 1997) , and preferred plants have higher number and concentration of volatile compounds than the random subset of plants not preferred (Clark and Mason, 1985) , the effects of GM on parasites/pathogens and nestlings are not consistent across populations. In at least one North American population, GM seems to act as a rather effective anti-parasitic/antipathogenic agent. However, such effects have not been shown, except for one study (Gwinner and Berger, 2005) , in European populations. Specifically, in the Starling colony in Pennsylvania, the abundance of the northern fowl mite (Ornithonyssus sylviarum) was much lower throughout the whole nestling period in nests supplemented with the wild carrot (Daucus carota), one of the preferred plants in the study site, than in nests devoid of GM (Clark and Mason, 1988) . The decrease in the number of mites was not associated with changes in mite population growth rate. Therefore, the authors concluded that it may have resulted from a delayed colonisation of GM-treated nests either through repellency, inhibition of oviposition or disruption of the physiological readiness of females to lay eggs. Moreover, laboratory studies provided evidence that plants preferred by Starlings, including the wild carrot, are effective at slowing down the emergence of the bloodfeeding instar from the nesting material, an important (Clark and Mason, 1985, 1988) . Since even a short delay in the population growth of haematophagous ectoparasites may have profound effects on the amount of blood drawn from the host, the addition of GM should translate into better condition and survival of nestlings (Clark, 1991) . In accordance with this prediction, nestlings from GMtreated nests, and hence infested with lower number of mites, had higher haemoglobin and consequently higher oxygen carrying capacity than nestlings from nests devoid of GM. However, other nestling traits -growth, fledging body mass and feather development -did not differ between treatments. A laboratory study showed that plants preferentially selected by Starlings in the study site were also effective in reducing hatching success of another haematophagous ectoparasite, a louse (Menacanthus sp.) and inhibiting growth of bacteria sampled in the nest box (Clark and Mason, 1985) . However, it has not been verified whether such effects would be also detectable under natural conditions. Contrary to Clark and Mason's (1988) study, Fauth et al. (1991) found no effect of GM on the abundance of the northern fowl mite in the more southerly located colony of the European Starling. This may be surprising given that in this colony mites reduce fledgling body mass, which is generally an important predictor of post-fledging survival (Krementz et al., 1989) . However, the analyses of both pre-and post-fledging survival as well as tarsus length, fat score and haematocrit level showed no effects of mites on these parameters. Similarly, no effects of GM on nestling development and pre-and post-fledging survival were found.
In Europe, the function of GM carrying behaviour in the European Starling was most intensively studied in a population in southern Germany. To investigate whether GM affects the abundance of ectoparasites/pathogens as well as the condition of nestlings, two types of nests -GM-nests and control nests -were followed for 5 years. Interestingly, natural nests were replaced with artificial ones, which imitated closely the average Starling nest in the colony with respect to its mass and substrate but, in the case of GM-nests, were supplemented with fragments of six preferred plants. GM had no negative effects on ectoparasite abundance of the red fowl mite (Dermanyssus gallinae), biting lice (Mallophaga sp.) and the hen flea (Ceratophyllus gallinae) (Gwinner et al., 2000; Gwinner and Berger, 2005) . This violates one of the prerequisites of the nest protection hypothesis, since all studied ectoparasites were shown to adversely affect some parameters reflecting nestling quality. Specifically, high loads of mites and high numbers of fleas were associated with lower haematocrit level, while biting lice negatively affected nestling growth during the first week of life (Gwinner et al., 2000) .
However, plants selected by Starlings as GM may affect bacterial communities on nestlings, although this effect varies in relation to bacteria load. In a 3-year study bacteria load, measured as the number of cultivable bacteria colonies, did not differ between GM and control treatment in the early nests (May), while it was significantly lower in GM treatment later in the season (June), when the bacteria load is higher (Gwinner and Berger, 2005) . Moreover, GM treatment slowed down the growth of bacterial community in the second week of the nestlings' life. Reduction of bacterial load may be beneficial because high bacteria loads were associated with fewer nestlings fledging.
The results reported by Gwinner et al. (2000) are in contrast to a finding of decreased mite abundance in GMnests in one of the Starling colonies in North America (Clark and Mason, 1988) . The authors contribute this discrepancy to differences in ectoparasite adaptations to defence mechanisms of the host. The European Starling was successfully introduced to North America at the end of the XIX century (Kessel, 1957) , therefore, local parasites may have not yet developed adaptations to counterbalance its defense strategies.
Although GM treatment did not affect the ectoparasite abundance, nestlings from GM nests were generally in better condition: they had higher fledgling body mass, the result consistently found in the study population, higher haematocrit and recruitment rate (Gwinner et al., 2000; Gwinner and Berger, 2005) . GM treatment affected also some components of the nestling immune system. Nestlings from nests with GM had more basophils and fewer lymphocytes than nestlings from control nests, although other parameters, i.e. the cell-mediated immune response, the buffy coat layer (a measure of white blood cells), the number of heterophils and eosynophils, did not differ between two nest types. These results prompted the formulation of the drug hypothesis. Importantly, the beneficial effects of GM on body mass in this species were particularly manifested under unfavourable conditions, such as high mite load, large clutch size, little or no paternal care and bad weather (Gwinner and Berger, 2006) .
The results from another European population, located in the northern Netherlands, do not support either of the hypotheses. Brouwer and Komdeur (2004) showed that neither the total amount of GM deposited in the nest nor experimental manipulation of GM (addition or removal) in the nest were associated with the level of infestation with the red fowl mite, nestling body mass and nestling survival up to fledging. Moreover, males occupying nest boxes, which were experimentally infested with ectoparasites by addition of old nest material did not deposit more GM than those occupying control nest boxes (without old nest material), which further contradicts the nest protection hypothesis.
Summing up, the results of studies focusing on antiparasitic and anti-pathogenic properties of GM and its effects on nestlings and adult birds in the European Starling are rather inconsistent. Possibly, it can be, at least partially, attributed to differences in experimental set-ups used. Nevertheless, these studies indicate that, apart from its function as a sexual display, GM may also play a role in protecting birds against adverse effects of parasites/ pathogens. However, the results of some studies should be interpreted with a caution because of methodological weaknesses. In the study of Clark and Mason (1988) , GM was experimentally added several times during the incubation and nestling period, while in the studies of Gwinner et al. (2000) and Gwinner and Berger (2005) GM was added after clutch completion. Since European Starlings place GM primarily before the onset of egg laying (Gwinner, 1997; Brouwer and Komdeur, 2004) , these studies do not mimic the natural situation. On the other hand, in the study by Fauth et al. (1991) the removal of GM was carried out after the clutch completion. If fresh plants release more volatile compounds than dry ones, removal of plants at this time, may have not created sufficient differences in the amount of volatiles between treatments, which may explain the lack of manipulation effect on both ectoparasite load and nestling growth and survival. Gwinner and Berger (2005) showed that volatiles were still present in the nest box over a week post-hatching, and interestingly, the amount of volatiles at that time was higher than during the incubation period (H. Gwinner, personal communication). However, no information on the amount of volatiles in Starling nests during the prelaying period, when the nests are supplied with fresh GM on a daily basis, is available. The lack of clear evidence in support of the nest protection hypothesis in the case of hematophagous ectoparasites may not be surprising given that most studies failed to find any negative effects of the infestation with these parasites on nestling body mass, feather growth and survival (Powlesland, 1977; Walter and Hudde, 1987; Clark and Mason, 1988; Fauth et al., 1991; Mazgajski, 2007 , but see Gwinner et al., 2000; Gwinner and Berger, 2005) , and such effects are the prerequisite of this hypothesis.
Similarly, the drug hypothesis is poorly supported in this species. One of the core predictions of the drug hypothesis is the stimulation of the immune system, which was based on the finding that nestlings from GMnests have more basophils, which increase the capacity to cope with malnutrition and climatic conditions stress (Gwinner et al., 2000) . However, this effect was not present in a follow-up study (Gwinner and Berger, 2005) and, importantly, no other studied parameters of the immune system including the measure of the immune reaction in response to the experimental challenge, were affected by GM. In case of the lymphocyte number, it was affected in the opposite direction to the predicted one. Consequently, although GM seems to directly affect nestling condition in some populations of the European Starling it awaits further study to determine whether these positive effects arise through stimulation of the immune system.
Blue Tit
Blue Tits, contrary to Starlings, start adding GM to the nest from the time that the nest cup is finished until, depending on a population, either a few days after hatching (Tomás et al., 2012) or when nestlings are ready to fledge (Petit et al., 2002) . Such timing of GM addition suggests that in this species GM may primarily function as a shield against parasites/pathogens and/or stimulant of nestling development, and not as a sexual display. Moreover, in accordance with the nest protection and the drug hypotheses Blue Tits regularly replenish GM, which is most probably caused by the need to maintain the certain level of odour in the nest since volatile emissions released by aromatic plants may rapidly decrease over time (Petit et al., 2002) . For example, the total amount of volatiles emitted by fresh leaves of Achillea ligustica, the mostly preferred plant used by Corsican Blue Tits, may decline to almost zero within 24 hours (Petit et al., 2002) . In nests experimentally devoid of GM, the majority of females added fresh GM within 24 hours post-manipulation, while none of the females showed such behaviour in control nests containing fresh herbs.
The consequences of GM deposition for parasite/ pathogen abundance as well as for condition of birds have been most thoroughly studied in the Corsican population of Blue Tits. In this population, nests are very heavily infested with Protocalliphora blood-sucking blow fly larvae, which negatively affect nestling development, fledgling mass, haematocrit and post-fledging survival (e.g. Hurtrez-Boussès et al., 1997) . However, contrary to predictions derived from the nest protection hypothesis plants used by Corsican Blue Tits as GM do not reduce the level of blow fly infestation. Specifically, experimental supplementation of nests with GM did not affect the number of blow fly larvae, and the intensity of blow fly infestation was not associated with the total mass of GM in unmanipulated nests (Mennerat et al., 2008) . The only effect found in the Corsican population was the reduction of bacterial richness and bacterial densities on nestling skin and feathers in nests experimentally supplemented with GM (Mennerat et al., 2009a) . However, the latter effect was present only under high, and not under low blow fly infestation. These results are in line with a finding that essential oils from many plant species used by Blue Tits in Corsican population have antibacterial properties in vitro, including the inhibition of the bacterial growth (Rossi et al., 2007) . Although GM treatment probably debilitated some negative effects generated by micro-organisms, nestlings from GM-treated nests neither differed in body mass, size nor haematocrit from nestlings in control nests (Mennerat et al., 2008) . The authors contribute the lack of such effects to highly favourable environmental conditions (high food abundance, warm spring temperatures) in the season when the experiment was conducted, which resulted in a low phenotypic variation among nestlings. Such a conclusion is supported by findings from another study that showed that addition of GM positively affected several nestling parameters including body mass, feather development and haematocrit, but only under poor rearing conditions created by experimental brood size enlargement (Mennerat et al., 2009b) . Consequently, the authors suggested that anti-bacterial properties of GM may benefit these Blue Tit nestlings, which face challenging rearing conditions.
Similarly to Mennerat et al. (2008) , Tomás et al. (2012) showed experimentally in a Blue Tit population from central Spain that aromatic plants did not affect the infestation level with nest-dwelling ectoparasites, including blow flies and mites. The only effect they observed was the reduction of flea abundance in nests supplemented with GM, although it tended to be present only in nests of yearling females. The authors suggested that aromatic plants may have more beneficial effects in nests of yearling than of adult females, because adult females, which in most cases should be experienced breeders, may rely on other methods of nest protection against ectoparasites such as nest sanitation (Hurtrez-Boussès et al., 2000) . Moreover, the experimental treatment interacted with the amount of plants females naturally brought to the nest: the more plants females brought, the fewer fleas infested the nest, but only in control broods (for a detailed description of the treatment of control and experimental nests see Table 1 ). Tomás et al. (2012) also studied the effect of GM on blood-sucking flying insects which, similarly to some nestdwelling ectoparasites, may have profound negative effects on well-being of nestlings and adult birds (Tomás et al., 2008; Martínez-de la Puente et al., 2010) . Such effects arise not only by removing blood, but also by injecting toxins in the process of blood-sucking and transmitting diseasescausing agents, e.g. viruses or protozoans causing avian malaria (e.g. Smith et al., 1998; Mellor et al., 2000; Turell et al., 2001) . Lafuma et al. (2001) showed in a laboratory experiment with domestic chicken that aromatic plants used frequently by Blue Tits on Corsica may protect avian hosts from the mosquito Culex pipens (see Gwinner and Berger, 2006 for similar effects of GM on the mosquito abundance in the European Starling nests). However, Tomás et al. (2012) reported no effects of experimental addition of aromatic plants on the abundance of biting midges (Culicoides spp.) and blackflies (Simuliidae) in Blue Tit nests in a natural population. Only total mass of GM brought by females was positively associated with the abundance of blackflies during late stage of the nestling period, which suggests that birds place more GM when facing high abundance of these blood-sucking insects.
Apart from potential effects on nestlings, Blue Tit females may use anti-parasitic and anti-pathogenic properties of GM also for their own protection because during incubation and brooding they are exposed for a prolonged time to nest-dwelling parasites/pathogens and flying insects. Such function of GM may be supported by diurnal timing of green plant deposition in the nest (Cowie and Hinsley, 1988) . Blue Tit females only carry GM to the nest in the evening (Banbura et al., 1995) , which may suggest that they time the most intensive emissions of volatiles for the evening and night, when many nestdwelling parasites, e.g. mites and blow fly larvae, become more active (Bennett and Whitworth, 1991; Clayton and Walther, 1997) .
To date, only two studies focused on anti-parasitic/antipathogenic effects of GM for adult birds and both did not support their existence. Experimental addition of aromatic plants neither reduced the bacterial abundance and richness on adult birds nor affected the number of bloodsucking flies in the nest during incubation (Mennerat et al., 2009a; Tomás et al., 2012) . Such treatment had also no effect on female body condition (Tomás et al., 2012) . The lack of effects on adult birds may indicate that the main target of plant-carrying behaviour are nestlings. This may be further supported by the fact that female Blue Tits deposit more plant species during the nestling period than during incubation (Lambrechts and Dos Santos, 2000) . Higher GM diversity should secure better protection against parasites/pathogens since the mixture of several species provides a greater protective value (Lafuma et al., 2001) .
Despite the lack of direct positive effects of GM, adult Blue Tits may benefit from GM deposition in the nest indirectly if aromatic plants lower infestation level of the offspring. It has been repeatedly demonstrated in this species that parents of heavily parasitised nestlings increase, probably to compensate for parasite-induced changes in nutritional budgets of nestlings, provisioning rates (Tripet and Richner, 1997; Hurtrez-Boussès et al., 1998; Bouslama et al., 2002; Tripet et al., 2002) . Consequently, the decrease of nest infestation level following GM deposition should result in reduced reproductive effort.
Other species
The nest protection hypothesis has also been tested in the Tree Swallow, a species that does not naturally use GM (Dawson, 2004; Shutler and Campbell, 2007) . This study system was selected to remove a potentially confounding role of GM in the courtship as well as to entirely exclude the exposure of the nest to plant volatiles, which is unavoidable in species that naturally use GM even if plants are being removed on daily basis. Both studies used a supplementation of experimental nests with yarrow (Achillea millefolium), a plant preferentially selected by Starlings in the study region but differed in the timing of nest supplementation with GM. Dawson (2004) added yarrow in the early stage of the incubation period (4 or 5 days after clutch completion) and again 6 days posthatching, while Shutler and Campbell (2007) only added GM during egg laying (three depositions). Moreover, in the study of Shutler and Campbell (2007) in total over 60% more GM was used than in the study of Dawson (2004) (15 g vs 9 g ). The two studies produced mixed results both in terms of the effect of GM on ectoparasite numbers as well as on the parameters of chick growth and survival. In both studies, the addition of GM did not affect the blow fly pupae numbers. However, this manipulation caused a decrease in the number of fleas (Ceratophyllus idius) in one study (Shutler and Campbell, 2007) but, contrary to expectation, an increase in the flea number in the other study (Dawson, 2004 ) when compared with control nests. Dawson (2004) suggested that this counterintuitive effect may arise if volatiles from GM negatively affect the abundance of parasitoids and predators of nest-dwelling parasites. In such a scenario, the occurrence of any effect of GM on avian ectoparasites would be masked by releasing their population from predation pressure. The experimental addition of yarrow did not affect nestling body mass (Dawson, 2004; Shutler and Campbell, 2007) , nor their leukocyte profile (Shutler and Campbell, 2007) , which contradicts the drug hypothesis. However, nestlings from nests supplemented with yarrow were smaller (Shutler and Campbell, 2007) .
Summing up, only one of the two studies supported the nest protection hypothesis, given the reduction of the fleas in yarrow-supplemented nests and they did not support the drug hypothesis. However, similarly to some studies on Starlings, the data from Tree Swallows should be interpreted with caution. Firstly, GM was placed in the nest in the early stage of the incubation period and again 6 days post-hatching, therefore, timing of GM deposition did not mimic its timing in the Starling. Secondly, Dawson (2004) deposited much higher amounts of yarrow leaves in Tree Swallow nests in comparison to the amounts naturally deposited by Starlings in the study area. Rodgers et al. (1988) showed, in a choice experiment, that dermestid beetle larvae (Dermestid nidum), an ectoparasite of Wood Stork nestlings, which may cause severe external lesions, were not repelled by plant species most frequently deposited by adult birds in the nest. Therefore, the authors concluded that GM in this species does not function as a parasite repellent, at least against dermestid beetle larvae. In a correlational study in Bonelli's Eagle (Aquila fasciatus), the amount of GM in the nest was negatively associated with the abundance of blow fly larvae (Ontiveros et al., 2008) .
Other hypotheses
Several other hypotheses have been proposed, which do not refer to chemical properties of GM, mostly in relation to the occurrence of this phenomenon in raptors (Wimberger, 1984) . These are listed here but are not discussed further:
(1) GM enhances the crypticity of a nest and therefore minimises the predation risk from predators that locate their prey visually (the crypsis hypothesis, Skutch, 1976) .
(2) GM provides insulation of eggs and nestlings (by lining the nest cup or covering the eggs and nestlings), which slows down the heat loss during the absence of parents (Mertens, 1977) . (3) GM reduces dessication rate of eggs which, in turn, may increase hatching success, by increasing the vapor pressure in the nest environment (Taverner, 1933; Sengupta, 1968) . (4) GM serves as a signal for nest or territory occupancy (Wimberger, 1984) . (5) GM has a nest sanitation function by covering prey remains and waste (Newton, 1979) . 6) GM protects nestlings from the sun (shading hypothesis, Bush and Gehlbach, 1978) . (7) Decomposing GM may fill the gaps between the substrate nesting material (twigs), consolidating the nest structure and in this way prolongs the time during which a nest remains in a tree (Lyons et al., 1986 ). 8) GM has an aesthetic function by covering the debris (the aesthetic hypothesis, Welty, 1972) .
CONCLUSIONS
Deposition of green material in a nest is a quite common phenomenon in birds but the studies on the function of such behaviour have been generally limited to only three species: the European Starling, the Spotless Starling and the Blue Tit. Overall, the results of these studies indicate that the function of GM may differ depending on the species. In the European Starling, deposition of green material seems to function both as a sexual display to attract mates and a defence mechanism against parasites/ pathogens and/or a stimulant of nestling development, while in the Blue Tit only the second function applies. The contradictory results of the experimental studies may be partially contributed to differences in the treatment (timing of GM deposition, the amount of GM) as well as leaving out from the analyses some factors such as age of birds depositing GM, which may mediate the effect of aromatic plant treatment on parasites/pathogens or on nestlings (Tomás et al., 2012) . The majority of studies focused only on one group of parasitic organisms, most commonly on nest-dwelling ectoparasites or bacteria inhabiting skin and feathers of nestlings and adult birds. However, the simultaneous observation of different groups (nest-dwelling ectoparasites, microorganisms, flying blood-sucking insects) would be advisable. For example, to date, only one study followed the consequences of GM deposition for blood-sucking flying insects in a natural population (Tomás et al., 2012) , despite the fact that these insects affect fitness in birds. In the case of bacteria, aromatic plants generally reduce their abundance and richness (Gwinner and Berger, 2005; Mennerat et al., 2009a) , but it is still not known whether these are harmful bacteria that are mostly affected. Moreover, so far, studies solely focused on the abundance of parasites/pathogens. However, GM may mitigate negative impact of parasites on their hosts not through repelling or killing, but through mechanisms such as disruption of feeding behaviour, which should be more closely looked into in the future studies (Clark and Mason, 1988) . Moreover, apart from a direct effect on parasites and pathogens, GM may potentially change their abundance indirectly through attracting parasites and predators of species parasitising avian hosts (Dawson, 2004) . However, to date, such hypothesis has been tested only in one study (Tomás et al., 2012) .
Some studies have indicated that beneficial effects of GM become apparent only under unfavourable conditions, e.g. adverse weather, high infestation with parasites, large clutch size, reduced nutrition of nestlings in polygynous pairings (Gwinner et al., 2000; Gwinner and Berger, 2006; Mennerat et al., 2009b) . Consequently, future studies involving manipulation of GM in the nest should more commonly include an additional treatment aiming at deterioration of conditions in the nest, for example, either through manipulation of parasite/pathogen load or manipulation of brood size.
The nest protection and the drug hypotheses have been tested so far in most studies simultaneously. However, if GM influences the abundance of parasites/pathogens, which negatively affect the host and at the same time GM influences the host, it is very difficult if not impossible to separate the impact of GM arising through the effect on parasites from a direct effect of GM on birds. Moreover, parasites/pathogens may affect the immune system independently of GM. Consequently, to disentangle the effects of GM from the effect of parasites/pathogens, the impact of GM on nestling immune function as well as on other physiological traits should be investigated either in a parasite/pathogen free environment or under conditions which allow the close control of the level of infestation.
Summing up, our knowledge on the functions of incorporating fresh green plant material into avian nests is at the moment rather fragmentary and incomplete. Many more rigorous studies are needed to fully understand this intriguing behaviour.
